The effects of ethylene aad ultraviolet (UV) (6, 12) . Several cell properties related to membranes have been reported to change with senescence. These include loss ofseveral membrane components (1, 2, 14), loss of semipermeability (12, 14), and a decrease in membrane lipid fluidity (3). Ethylene has been demonstrated to be directly involved in the regulation of flower senescence. Ethylene production increases sharply with senescence while exogenous application of ethylene enhanced flower senescence and wilting (6), increased permeability of petal cells (9, 14), and accelerated the decrease in cell membrane fluidity (15).
lipid fluidity al decreased after UV treatment. These parameters were shown earlier to decHne during natural or ethylene-induced senescence.
UV irradiation induced ethylene production by the petals only during the period of iradiation. However, silver thiosulfate treatment, which blocks ethylene action, showed that the irradiation effects were not due to the ethylee evolved.
On the basis of the above results, we concluded that both ethylene and UV irraiation promote a sequence of reactions in the tissue similar to those of natural senescence. However, UV irradiation initiates a reaction wich is i t of that which ethylene initiates.
Senescence of plant tissue, including flower petals, is characterized by nonreversible cellular processes leading to death (6, 12) . Several cell properties related to membranes have been reported to change with senescence. These include loss ofseveral membrane components (1, 2, 14), loss of semipermeability (12, 14) , and a decrease in membrane lipid fluidity (3) . Ethylene has been demonstrated to be directly involved in the regulation of flower senescence. Ethylene production increases sharply with senescence while exogenous application of ethylene enhanced flower senescence and wilting (6) , increased permeability of petal cells (9, 14) , and accelerated the decrease in cell membrane fluidity (15).
Far-UV irradiation has been demonstrated to have several effects on plant cells. These include increase in cell membrane permeability (13) , decrease in solute uptake capacity (5) , and degradation of membrane lipids (16).
The apparent similarity between the events accompanying natural senescence and those induced by ethylene and UV irradiation ' Chemical Treatments. Ethylene was applied to the flowers at 10 ,4/l for 6 h as described previously (11) . Silver thiosulfate was applied as a pulse treatment through the stems for 10 min at 4 mm as described by Reid et al. (10) . Petal In-Rolling. Wilting of the flower petals was monitored by measuring the in-rolling of the petal tips. This was measured as the angle through which the petal tip had rolled, relative to the plane of the petal base.
Petal Eletrolyte Leakage. The leakage of electrolytes from the petals into a 0.5 M mannitol bathing solution was measured essentially as described by Suttle and Kende (14). Ten petals were washed for 10 min and placed into 10 ml bathing solution for 10 h at 30°C. The conductivity ofthe resulting solution was measured using a Radiometer Copenhagen CDM 2e conductivity meter.
Ethylene Measurements. Ethylene production by whole flowers was measured as described previously (11) . Ethylene production of isolated petals was measured by sealing them in quartz cuvettes of 3.5 ml volume from which samples were taken at 15-intervals for ethylene determinations. After each sampling, the cuvettes were aerated with ethylene-free air.
Sucrose Uptake. (15). The fluidity of the lipid core of membranes was calculated from fluorescence polarization measurements using the fluorescent probe 1,6-diphenyl 1,3,5-hexatriene as described before (1, 15). K+-ATPase activity was assayed essentially as described before (16). The standard 1-ml reaction mixture contained 30 mm Tris-Mes at pH 6.5, 2 mm TIME AFTER DETACHMENT (h) FIG. 1. Effect of UV irradiation on in-rolling of petals. Flowers were irradiated for 3 h from zero time. Vertical bars represent ± SE (n = 5).
MgSO4, 50 mm KC1, and 3 mm Tris-ATP. The reaction was initiated by introducing 25 to 50 ,ug membrane protein. Reaction vessels were incubated for 30 min at 30'C. The reaction was terminated by adding 2 ml cold acid molybdate (1.25% ammonium molybdate in 2.5 N H2SO4). Pi released was determined by the Fiske-Subbarow method. Protein determinations were carried out using a Coomassie Blue reagent (3).
Chemicals. All the chemicals used were of analytical grade and purchased from Sigma. Water was double-distilled.
RESULTS AND DISCUSSION Senescence of carnation flowers is characterized by wilting and in-rolling of petals (7) . Cut flowers, held with their stems in water, did not show in-rolling of petals until the 5th d after harvest when there was a sharp increase (Fig. 1) .
UV irradiation (3 h) of the flowers induced the immediate appearance of petal in-rolling (Fig. 1) and this increased until it reached a maximum after approximately 20 h. The appearance of UV-treated flowers at that time was similar to that of naturally senescent flowers (Fig. 2) . Irradiation of the flowers for 1 h or less was not effective, while 2 h or more caused a significant increase in the petal in-rolling, with a maximal effect with 3 h treatment (Fig. 3) . The minimal effective dose (2 h) was calculated to be a fluence of 36 kJ m 2. This is a higher dose than that found to affect isolated membranes of wheat roots (16) but similar to that reported to affect intact beet root tissue (13) . The irradiation effect was due to wavelengths less than 310 nm. This was shown in two ways: (a) when wavelengths of less than 310 nm were filtered out using a glass filter, there was no in-rolling of petals; (b) near-UV irradiation of 300 to 400 nm, even at fluences greater than 600 kJ m-2, did not cause in-rolling (data not shown).
The in-rolling of flower petals associated with senescence results from asymmetric turgor changes due to loss of water from cells (8) . The water loss is the result of a decrease in cell membrane integrity which allows leakage of small molecules out of the cell (8) . In carnation petals, electrolyte leakage was low until the stage at which in-rolling was observed, when there was an increase in leakage rate (Fig. 4) . Exposing flowers to 3 h UV irradiation resulted in an immediate increase in electrolyte leakage (Fig. 4) . These results are in agreement with previous reports describing a loss of membrane semipermeability after UV treatment of plant tissue (13) . Likewise, ethylene treatment (for 6 h with 10 I/l), which has been shown to cause carnation petal in-rolling (7), induced immediate electrolyte leakage (Fig. 4) . Similar observations have already been reported (9, 14).
Three other cellular events which have been shown to be related (Table I ). The fluidity of the lipid core of membranes isolated from irradiated petals was significantly reduced by 12% (Table I) . Furthermore, in a separate experiment, when membranes isolated from nonirradiated flowers were irradiated, a larger decrease (18%) in fluidity resulted: from 0.61 to 0.50 poise'. Membranes isolated from irradiated flowers also showed a small but significant decrease in K+-ATPase activity (Table I ). Flower petals which had been irradiated had a much decreased capacity, to take up sucrose (approximately 50%o, Table   I ). These results suggest that UV irradiation directly affects cell membranes and are in accordance with results reported for UV effects on lipid fluidity of membranes from mouse tumor cells (4) and on K+-ATPase activity of wheat root membranes (16).
The results presented indicate that UV irradiation leads to similar cellular events as does age and ethylene. Since the events of natural senescence in carnation petals appear to be regulated by changes in endogenous ethylene (7), the question was raised (Fig. 5) . However, approximately 30 min after the termination of the irradiation, the ethylene production rate decreased almost to zero. Ethylene production increased again only 4 d later, simultaneously with the increase associated with senescence of control flowers (Fig. 6) . The results of these experiments show that there was no 'auto-catalytic' effect of the earlier, UVinduced rise in ethylene production, on the later one. In fact, in UV-irradiated flowers the final ethylene production was slightly reduced. However, the possibility that the earlier, temporary, ethylene production during the UV treatment induced the changes observed in petals and membranes was not excluded.
If the UV effects were mediated by ethylene, then an inhibitor of ethylene action would block these effects. Silver ions, given as STS,3 inhibit the effects of endogenous and exogenous ethylene on carnation flowers (10, 15) . Treatment of carnation flowers with STS inhibited the effects ofexogenous ethylene on petal in-rolling (Table II) but it did not inhibit in-rolling induced by UV irradiation (Table II) . This indicated that the UV-induced petal in-rolling was not mediated via stimulated ethylene production.
Our results indicate that UV irradiation initiates several related events leading to senescence symptoms: changes in membrane properties, loss of membrane integrity, membrane leakage, cell water loss, and petal in-rolling. These events are apparently the same as those occurring in natural and in ethylene-induced senescence. However, UV appears to initiate an event(s) which is independent of that which ethylene initiates, inasmuch as blocking the primary site of ethylene action with STS did not inhibit UV action. The site of action of the UV irradiation might be at either or both the lipid or protein membrane components. Indeed. UVinduced lipoxydation (16) and protein cross-linkage (4) in membranes were reported recently.
The relevance of the similarity between UV-and ethyleneinduced senescence, in relation to their effects on membrane composition, is now under examination.
